Phenotypes of secY and secA temperature-sensitive mutants at permissive (low) temperature Three temperature-sensitive mutations, sec Y24 (12), secYJOO (see below), and secA51 (11), have been examined. The secY100 mutant (K. Ito, Y. Hirota, and C. Ueguchi, manuscript in preparation) has been identified among the collection of E. coli temperature-sensitive mutants obtained from PA3092 (6). It contains three mutations within secY which should result in amino acid changes: Pro-40 to Ser, Ala-40 to Val, and Gly-167 to Glu. All the sec mutations used were in the background of strain MC4100 (13) .
The secY (priA) gene product of Escherichia coli is embedded in the cytoplasmic membrane by its 10 transmembrane segments (1) . Its essentiality for translocation of envelope proteins across the membrane has been demonstrated both in vivo (4, 8, 12) and in vitro (2, 5) . It was proposed that an integral membrane component such as SecY might form a channel for protein translocation (1) . Since temperature-sensitive mutations produce altered proteins that not only lose activity at high temperatures but also could function abnormally at low temperatures, their phenotypes under the latter conditions might be useful in studying the gene function within the cell. As an approach to analyzing the secY function in vivo, we studied phenotypes of temperature-sensitive sec mutants at the permissive low temperature.
Three temperature-sensitive mutations, sec Y24 (12), secYJOO (see below), and secA51 (11), have been examined. The secY100 mutant (K. Ito, Y. Hirota, and C. Ueguchi, manuscript in preparation) has been identified among the collection of E. coli temperature-sensitive mutants obtained from PA3092 (6) . It contains three mutations within secY which should result in amino acid changes: Pro-40 to Ser, Ala-40 to Val, and Gly-167 to Glu. All the sec mutations used were in the background of strain MC4100 (13) .
Protein secretion in these temperature-sensitive mutants is retarded to various degrees at 30°C. Cells for normal growth. After a full induction of the lac promoter with cyclic AMP, Bla synthesis increased severalfold, and progressively larger fractions of OmpA were labeled as the precursor form (data not shown). The secY100 and secA51 mutants were affected only transiently under such conditions (not shown). pKY57 is a derivative of pNO1575, deleted for the SmaI (multicloning site)-AatI fragment such that the lac promoter has been placed closer to bla and most of the lacZ' sequence has been eliminated. In addition, the HindIll site has been subjected to digestion, filling in by T4 DNA polymerase, and ligation, generating an in-frame TAG codon which stops the lacZ' translation at codon 8. Cells bearing pKY57 synthesized Bla at a level about 10% of total protein synthesis in the absence of lacI and in the presence of both glucose and cyclic AMP, whereas Bla synthesis was repressed slightly (to about 8%) in the absence of cyclic AMP. Plasmid pKY57 was found to be almost incompatible with the sec Y24 mutation, unless the lac repressor-overproducing mutation (lacIq) coexisted. In the absence of the repressor, pKY57 transformants of the sec Y24 mutant (IQ85) could be obtained if glucose was added, although the growth was very slow. Such transformants were severely inhibited in protein secretion (Table 1) , and the pattern of total protein synthesis was markedly altered. The alteration includes a marked induction of the heat shock proteins such as GroE and DnaK (data not shown). The secY100 and the secA51 mutants were relatively less affected by pKY57, in both growth and protein secretion ( Table 1) .
The results reported above show that protein export in the sec Y24 mutant at its permissive temperature (30°C) is extremely susceptible to the low-level synthesis of MalE-LacZ hybrid protein and to an excessive synthesis of an exportable protein. The sensitivities in different mutant strains to MalELacZ or a secretory protein did not correlate with the intrinsic partial defects of the strains expressed at 30°C.
It is possible that the sec Y24 mutation decreases the quantity of the functional SecY-containing export machinery and makes the cell unable to cope with the increased load of export. 
